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This report summarizes the accomplishments and publications of the work done under NASA 
Grant NAG 1-2 177. It covers the period of 1/28/99 to 1/27/02 

Introduction: The use of several levels of modeling in design has been dubbed variable 
complexity modeling . The work under the grant focused on developing variable complexity 
modeling strategies with emphasis on response surface techniques. Applications included design 
of stiffened composite plates for improved damage tolerance, the use of response surfaces for 
fitting weights obtained by structural optimization, and design against uncertainty using response 
surface techniques. 

Uncertainty and Structural Weight Approximations: In design against uncertainty, it is 
customary to consider uncertainties due to loads, material properties and geometry. We augment 
these traditional sources of uncertainty with uncertainty due to the use of response surfaces for 
approximating structural behavior and due to the errors in the structural optimization used to 
generate the fitting data. Fuzzy set theory is used to model both the physical uncertainty and the 
remaining modeling uncertainty. 

In addition to characterizing the fitting errors and errors in the structural optimization results, we 
also explored methods for reducing these errors. Statistical analysis is used to identify so-called 
outliers in the data. These are points where the structural optimization is likely to have converged 
to a local minimum or not converged properly. A repair procedure for the data is employed by 
re-optimization of outlier points by different choice of optimization method and/or using 
perturbed initial conditions. A paper describing the work has been presented (Ref. 1) and then 
revised and published (Ref. 2). Follow-up work, with a focus on optimization errors due to 
convergence criteria has been presented (Ref. 3) and then published (Ref. 4). A similar approach 
to the effect of multiple starting points on optimization results was presented (Ref. 5). Finally, a 
procedure for estimating the bias error associated with response surface approximations has been 
presented (Ref. 6). 

Design for Improved Residual Strength: A study of hat-stiffened panel design using low- 
fidelity and high-fidelity models, previously presented at a conference, was revised and 
published (Ref. 7). The same idea was then applied, using low-fidelity and high-fidelity models 
of through-the-thickness crack propagation in stiffened composite panels. The high-fidelity 
model employs a detailed finite element analysis of the structure with the crack, and the low- 
fidelity model is based on the stresses at the point in the undamaged structure where the crack 
will be. A response surface for the ratio of the high-fidelity failure load to the low-fidelity failure 
load is used to combine the two models for design purposes. This allows the design to proceed 
based on the inexpensive low-fidelity model, with information from only a handful of high- 



fidelity analyses. An example of a plate with two blade stiffeners was used to show the 
effectiveness of the procedure (Ref. 8). It was then demonstrated that the low fidelity and high 
fidelity models could also be combined through an equivalent stress constraint. The equivalent 
stress constraint permits the usage of commonly available structural optimization packages (Ref. 
9). Reference 8 and 9 were combined to a single paper accepted for publication in Structural 
Optimization (Ref. 10). Finally, the idea of uncertainty in weight equations was applied to a 
weight equation for stiffened panels designed for damage tolerance (Ref. 11). 

Derivative-based Response Surface Techniques: Response surface techniques are limited to a 
modest number of design variables, typically under 20. Since the research performed under the 
grant has demonstrated many advantages associated with the use of response surfaces, we are 
investigating the use of derivatives to extend the range of application of response surface 
techniques. Derivatives are often available at a fraction of the cost of function evaluations, and 
for these cases, the use of derivatives could be beneficial. Unfortunately, response surface 
techniques were originally developed for experimental optimization, where derivatives are 
normally not available. Consequently, there is very little theory for response surfaces 
incorporating derivatives. Preliminary work on developing such theory has been initiated (Refs. 
12, 13). It shows that while derivatives can help improve the accuracy of response surfaces, it is 
important to develop the theory that will allow us to use them efficiently. 

Reliability-based design of launch vehicles: Reliability based optimization is very expensive, 
because reliability calculations typically require hundreds or thousands of analyses. In addition, 
because probability estimates are noisy, gradient based optimization algorithms perform poorly 
for such problems. Response surface techniques can help reduce the cost and filter out the noise. 
A paper on different options for the use of response surface techniques has been presented (Ref. 
14). It showed that response surfaces based on both random variables and design variables 
simultaneously are most efficient. 

A study of reliability based design of a composite panel designed to withstand cryogenic cooling 
without leaking fuel was conducted (Ref. 15). The study showed that microcracking is a serious 
problem that may lead to substantial weight penalties. Limiting variability in material properties, 
particularly those that relate to expansion and strength in the direction perpendicular to the 
fibers, appears to be critical (Refs. 16,17). 

Analytical-experimental correlation of panel designed with genetic algorithms: A paper 
describing the analytical-experimental correlation for a panel designed with genetic algorithms 
was published (Ref. 1 8). One goal of the paper is to explore the impact of the simple analytical 
models used in the design. The second objective is to use detailed models for understanding the 
evolution of structural response in the experiments. 

Miscellaneous: Results of carbon fiber composite I-section compression tests partially sponsored 
by the grant were compared with the results by analysis and accepted for publication (Refs. 19, 
20). A survey paper of methods for structural sensitivity computations was presented (Ref. 21). A 
paper on the use of response surface techniques for design with fuzzy sets was published (Ref. 
22). A paper on comparison of polynomial response surfaces and neural nets for design 
optimization was presented (Ref. 23). 



References 


1. Papila, M. and Haftka, R. T., ’’Uncertainty and Wing Structural Weight 
Approximations”, AIAA - 99 1312, A Collection of Technical Papers, Vol.2 pp. 988- 
1002, 40 th AIAA SDM Conference, St Louis - MO. 

2. Papila, M., and Haftka, R.T., "Response Surface Approximations: Noise, Error Repair, 
and Modeling Errors," AIAA Journal 38( 1 2), pp. 2336-2343, 2000. 

3. Kim, H., Papila, M., Haftka, R. T., Watson, L. T., Mason, W. H. and Grossman, B., 
“Detection and Correction of Poorly Converged Optimizations by Iteratively Reweighted 
Least Squares,” AIAA Paper 2000-1525, Proceedings 41 st 
ALAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials 
Conference, April 3-6, 2000, Atlanta-GA. 

4. Kim, H, Papila, M., Mason, W. H., Haftka, R. T., Watson, L. T., and Grossman, B., 
"Detection and Repair of Poorly Converged Optimization Runs," AIAA Journal, 39(12), 
December 2001, pp. 2242-2249. 

5. H. Kim, W.H. Mason, L.T. Watson, B. Grossman, M. Papila and R.T. Haftka, 
"Protection Against Modeling and Uncertainties in Design Optimization," in Modeling 
and Simulation-Based Life Cycle Engineering, eds.: K. Chung, S.Saigal, S. Thynell and 
H. Morgan, Spon Press, London and New York, 2002, pp. 231-246. 

6. Papila, M., and Haftka, R.T.„ "Uncertainty and Response Surface Approximations," 
AIAA Paper 2001-1680, Proceedings 42nd AIAA/ASME/ASCE/AHS-/ASC Structures, 
Structural Dynamics and Material Conference, Seattle, WA, April, 2001. 

7. Vitali, R., Park, O., Haftka, R.T., Sankar, B.V., and Rose, C.A., "Structural 
Optimization of a Hat Stiffened Panel by Response Surfaces, ” Journal of Aircraft, 39(1), 
pp. 158-166, 2002. 

8. Vitali, R., Haftka, R.T., and Sankar B.V., “Correction Response Surface Design of 
Stiffened Composite Panel with a Crack”, AIAA/ASME/ASCE/AHS/ASC Structures, 
Structural Dynamics and Material Conference Paper ALAA-99-223 1 , St. Louis, Missouri, 
April 12-15, 1999. 

9. Vitali, R., Haftka, R.T., and Sankar B.V., "Structural Optimization with Crack 
Propagation Constraints," Proceedings of the 3 rd World Congress of Structural and 
Multidisciplinary' Optimization, Buffalo, NY, May 17-21, 1999. 

10. Vitali, R., Haftka, R.T., and Sankar B.V., "Multifidelity Design of Stiffened Composite 
Panel with a Crack," accepted for publication Structural Optimization. 

1 1 . Papila, M., and Haftka, R.T., "Response Surfaces for Optimal Weight of Cracked 
Composite Panels: Noise and Accuracy," AIAA Paper 2000-4755, Proceedings, 
ALAA/USAF/NASA/ISSMO Symposium on Multidisciplinary Analysis and 
Optimization, Long Beach California, September 6-8, 2000. 

12. Vitali, R., Haftka, R.T, Madsen J.I., and Lauridsen, S., "Response surface methods 
based on function and sensitivity information," presented at the 4 th EUROMECH Solid 
Mechanics Conference, Metz, France, June 26-30, 2000. 

13. Van Keulen, F., Liu, B., and Haftka, R.T., "Noise and Discontinuity Issues in Response 
Surfaces Based on Functions and Derivatives,", Proceedings, 41th 
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials 
Conference, Atlanta, Georgia, April 3-6, 2000. AIAA Paper 2000-1363. 

14. Qu, X., Venkataraman, S., and Haftka, R.T., " Response Surface Options for 
Probabilistic Optimization of Stiffened Panels," Proceedings, Joint Specialty Conference 
on Probabilistic Mechanics and Structural Reliability, Paper PMC-2000-131, Notre 
Dame, Indiana, 24-26, July 2000. 



15. Qu, X., Venkataraman, S., Haftka, R.T., and Johnson, T.F., "Deterministic and 
Reliability-Based Optimization of Composite Laminates for Cryogenic Environments," 
AIAA Paper 2000-4760, Proceedings, AIAA/USAF/NASA/ISSMO Symposium on 
Multidisciplinary Analysis and Optimization, Long Beach California, September 6-8, 
2000. 

16. Qu, X., Venkataraman, S., Haftka, R.T., and Johnson, T.F., “Reliability, Weight, and 
Cost Tradeoffs in the Design of Composite Laminates for Cryogenic Environments,” 
AIAA Paper 2001-1327, Proceedings 42nd ALAA/ASME/ASCE-/AHS/ASC Structures, 
Structural Dynamics and Material Conference, Seattle, WA, April, 2001. 

17. Qu, X., Venkatarman, S., and Haftka, R.T., Reliability-based Composite Panel Design 
for Cryogenic Environments Using Response Surface Approximation," Proceedings 4rd 
World Congress of Structural and Multidisciplinary Optimization, Dalian China, June 4- 
8 , 2001 . 

18. Park, O., Haftka, R.T., Sankar, B.V., Starnes, J.H., and Nagendra, S., “Analytical- 
Experimental Correlation for a Stiffened Composite Panel Loaded in Axial 
Compression,” Journal of Aircraft, 38 (2), 379-387, 2001. 

19. Papila, M. and Akgun, M. A. (1999). “Post-Buckling of Composite I-Sections Part 1: 
Theory,” Journal of Composite Materials, 35(9), pp. 774-796, 2001 . 

20. Papila, M., Niu, X., Akgun, M. A. and Ifju, P. (1999) “Post-Buckling of Composite I- 
Sections Part 2: Experimental Validation,” Journal of Composite Materials. 35(9), pp. 
797-821,2001 

21. Van Keulen, A., Haftka, R.T., and Qu, X., "Review of Options for Structural Sensitivity 
Calculations," AJAA Paper 2000-1351, AIAA Paper 2000-1327, Proceedings, 41st 
ALAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials 
Conference, Atlanta, GA, April 3-6, 2000. 

22. Venter G., and Haftka, R.T., "Using Response Surface Approximations in Fuzzy Set 
Based Design Optimization," Structural Optimization, 18(4), pp. 218-227, 1999. 

23. Vaidyanathan, R., Papila, N., Shyy, W., Tucker, P.,K., Griffin, L. W., Haftka, R.T., and 
Fitz-Coy, N., "Neural Network and Response Surface Methodology for Rocket Engine 
Component Optimization," AIAA Paper 2000-4880, Proceedings, 
AIAA/USAF/NASA/ISSMO Symposium on Multidisciplinary Analysis and 
Optimization, Long Beach California, September 6-8, 2000. 


